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SUMMARY

The design and fabrication of a test fixture incorporating advanced aircrew
restraint and mobility systems is the second phase of a program aimed at
identifying aircrew systems designs and criteria for the next generation of Air
Force combat aircraft. It is anticipated that combat operations in these
future aircraft will involve maneuvers which will subject the aircrew to high
multiaxial accelerations and that advanced systems will be required to restrain
and protect the crewman and to ensure that he will be able to operate
effectively in this environment.

Advanced design concepts were evaluated and selected in a previous study and
the effort in this phase of the program was to incorporate these concepts in a
test fixture which could be used to evaluate the concepts under representative
dynamic conditions in the AFAMRL centrifuge and on the impact test track
facilities.

The concepts incorporated in the test fixture are intended to provide restraint
and support for the crewman during high multiaxial acceleration conditions and
to facilitate the mobility required for surveillance and target tracking during
high Gz acceleration. The restraint provisions consist of a basic strap-type
system which is augmented by an arrangement of inflatable bladders which
provide restraint and support for the torso and limbs and by the use of
cushions which conform to the shape of the individual crewman. Mobility for
external visibility is facilitated by a pivoting headrest and by a rotatable
backrest. These allow the fully restrained crewman to twist around for aft
visibility. The headrest is powered and capable of moving the head against
forces due to high +Ce accelerations.

The test fixture includes seat surfaces and flight controls which place the
test subject in a representative setting in which to evaluate the effectiveness
of the restraint and mobility concepts. The geometry of the seat surfaces is
based on that of an articulating ejection seat and the surfaces can. be
articulated from an upright position to a fully reclined position in which the
backrest angle is 65 degrees. The test fixture framework is configured to
mount within the cab of the AFAMRL centrifuge.

The intended use of the test fixture is to permit evaluation of the restraint
and mobility concepts under dynamic conditions. The fixture has been
configured to facilitate the conduct of vision and flight control experiments
which would provide quantitative data for comparison with current aircrew
systems.
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PREFACE

The work described Ini this report was performed under Air Force Contract

F33615-79-C-0522 "Test and Evaluation of Aircrew Restraint and Mobility
Systems." The Principal Investigator was A. Blair McDonald.

The Air Force Technical Monitor was Lt. Col. James H. Raddin, Jr, of the
Biomechanical Protection Branch, Biodynamics and Bioengineering Division of the
Air Force Aerospace Medb at Research Laboratory.
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INTRODUCTION

The second phase of an ongoing AFAMRL program aimed at defining aircrew
restraint and protection system concepts and aeromedical criteria for the next
generation of Air Force combat aircraft is described. The effort in this phase
of the program consisted of the design, development and fabrication of a test
fixture incorporating advanced design concepts for aircrew restraint and
mobility under high acceleration maneuver conditions. The concepts were
defined in the first phase of the program (Reference 1) but were modified and
developed during this phase. The test fixture is designed to be used for live
subject evaluation of the proposed concepts in the AFAMRL centrifuge and impact
test track facilities.

BACKGROUND

The need for advanced aircrew restraint and protection systems for future
aircraft is based on the projection that technology advances in propulsion,
aerodynamics and flight controls in these aircraft will result in maneuver and
flight envelope capabilities which are significantly greater than those of
current combat aircraft. These technology advances include innovations such as
the High Acceleration Cockpit (HAC) and developments in aerodynamics and
control techniques which utilize direct lift, direct side force and drag
modulation. The introduction of these technology advances will result in a
combat environment in which the crewman will be subjected to high multiaxial
accelerations.

Present aircrew systems were not designed to provide restraint and protection
in this severe environment and there is a need for advanced design approaches
which will meet the anticipated requirements. In order to attain the full
combat advantages of the advanced aircraft design it will be necessary to
restrain and support the crewman in such a manner that he will be able to
operate and perform effectively during the application of high accelerations.

APPROACH

A program was initiated with the long-term objective of providing the aircrew
system technology and aeromedical design criteria necessary to support next
generation aircraft programs.

Concept Study

The first phase of the program, which is described in Reference 1, consisted of
a study to identify and define advanced design concepts and to evaluate them
relative to the requirements for restraint, protection and escape for the
projected maneuver and flight envelopes. During the study, a conceptual
approach (based on an articulating ejection seat) was selected and a mock-up
was constructed so that the critical restraint and support aspects of the
concept could be evaluated. The innovative features included the provision of
"body fixation" restraint and support by means of a system of inflatable
bladders augmented by the use of a contour-forming seat cushion and tho
provision of mobility for external visibility through the introduction of a
powered, rotatable backrest and headrest.
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The mockup permitted evaluation of the proposed concepts under + 1 Gz andj1 G acceleration conditions. The results of the evaluation indicated
that urther investigation under more representative dynamic acceleration
conditions was warranted.

Test Fixture

The second phase of the program consisted of the design and fabrication of a
test fixture which would permit the evaluation of the proposed concepts under
simulated combat multiaxial acceleration conditions in the AFAHRL centrifuge
and impact test track facilities.

Investigations carried out during the design of the test fixture indicated that

aft visibility for external surveillance and target tracking could be improved
by the introduction of a movable headrest which could be tilted aft. This
resulted in the incorporation of a powered pivoting headrest in place of the
previous powered rotating backrest and headrest features, although the
capability for manual rotation of the backrest was retained for evaluation
purposes. The test fixture allows evaluation of the restraint, support and
mobility concepts with the seat in the upright or reclined configurations.
Primary aircraft controls are represented and the side stick controller is
operable so that testing in the centrifuge may include quantitative target
tracking experiments.

L
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RIEQUIREH4ENTS

The basic reqiitremment for the program was to incorporate the aircrew restraint
and mobi'lity concepts in a test fixture which would be satisfactory for the
conduct of live subject tests using the AFAMRL centrifuge and impact test
facilities.

The primary specific requirements emphasized test safety and test fixture

integrity for live subject testing. The acceleration loading conditions for
the live subject testing are listed in Table 1.

TABLE 1. DYNAMIC CONDITIONS FOR LIVE TESTING

TEST
FACILITY CONDITIONS ACCELERATION LIMITS

Verti,'al and Lateral GZ W + 1O.5G to -3.5G
Acceleration

combined with

CENTRIFUGE Gy W + 3G to -3G

Vertical and Longitudinal Gz - + 10.5G to -3.5G
Acceleration

combined with

Gx- + 3G to -3G

Vertical Acceleration GZ- + lOG
IMPACT
TEST Lateral Acceleration Gy -+ 8G (seat upright)

TRACK
Longitudinal Acceleration GX , -10G

7I
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DESCRIPT ION

GENERAL

The test fixture, shown in Figure 1, includes all of the elements of the seat
and the flight controls which are necessary for a comprehensive evaluation of
the restraint and mobility concepts under dynamic conditions. The fixture
framework provides structural support for the seat, controls and subsystem
components and is configured to mount on the platform in the AFAMRL centrifuge
cab. The simulated flight controls and portions of the seat are adjustable so
that the test fixture can accommodate a range of 5 through 95 percentile male
body sizes (Reference 2).

BASIC GEOMETRY

'rho seat design is based on that of an articulating ejection seat in which the
crewman can be reclined to enhance his tolerance to high + G. acceleration.
The geometry of the seat surfaces, the location of the controls and the
articulation techniques are derived from the articulating ejection seat
configuration proposed for the tAC (Reference 3). The seat surfaces articulate
to move the crewman from a normal upright position in which the backrest angle
is 15 degrees, to a fully reclined position in which the backrest angle is 65
degrees. The geometry for the upright and fully reclined positions is shown in
Figures 2 and 3, respectively. As cani be seen from these figures, the crewman
is reclined by forward and upward movement of the seat bucket. With this
method of articulation the location of the flight controls is satisfactory for
all positions from upright to fully reclined.

* SEAT STRUCTURE.

The basic seat structure consists of the seat bucket and a backrest which is
divrded into three segments. The lower backrest segment is hinged to the seat
pan. The center and upper backrest segments are mounted on a central spine
bolted to the lower backrest segment and pin-jointed between the center and
upper backrest segments. The seat assembly is secured to the fixture frame by i

two bolts on either side of the seat bucket and by a pivot bolt at the upper
end of the backrest spine. Six sets of bucket attachment holes are provided in
the frame and these allow the seat surfaces to be secured in an upright

position or with the backrest reclined at an angle of 25, 35, 45, 55 or 65
degrees. The backrest hinge, pin-joint and pivot attachment features allow the
backrest to articulate as the seat bucket is moved. Figures 4 and 5 show a
subject in the test fixture with the seat in the upright and fully reclined
positions, respectively.

I v
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CONTROLS

Tne fixture includes d side-stick controller and simulated rudder pedals and
throttle. The side-stick controller is an operable unit of the isometric type
and is part of a tracking experiment system used for quantitative evaluation
testing in the AFAtRL centrifuge. The design and arrangement of the controls
was previously shown in Figure 1. The rudder pedals are bolted to sloping
rails and can be adjusted through a range of 9 inches in increments of one-half
inch. The side-stick controller is mounted in th.* arm-rest support structure
and the entire controller and arm-rest absambly can be adjusted on its sloping
mounting surface. The throttle is fixed; however, the height of the throttle
arm-rest can be adjusted by r:itsing or lowering the arm-rest assembly on its
sloping mounting surface.

Controls are also provided for operation of the seat subsystems and
descriptions of these are included in the appropriate subsystem descriptions.

RESTRALINT

The restraint provisions consist of a basic strap-type system and a system to
achieve "body fixation" under high multiaxial acceleration conditions. The
strap system is more extensive than a conventlo ial. restraint system. "Body
fixation" is ittained by a system of support surfaces fitted with inflatable
bladders and by cushions which conform to the contours of the crewman.

Strap Restraint System

The strap restraint system consists of a lap belt, shoulder and torso restraint
straps and foot retention straps. The lap belt, shoulder and torso restraint
straps are used in conjunction with a modified version of the standard Air
Force PCU-15/P torso harness. Parachute risers attach to the parachute
disconnects on the torso harness and are anchored to the test fixture framework
with sufficient slack to allow full crewman mobility. Shoulder restraint is
provided by dual straps from an inertia reel mounted on the aft surface of the
upper backresit gvirent. The straps are routed over the backrest pivot bolt,
pass around roller fittings on the parachute risers and are anchored to the
fixture framework. The reel allows approximately 18 inches of forward motion.
Torso restraint is provided by two straps from an inertia reel mounted on the
aft surface of the center backrest segmenc. A roller fitting is attached to
each side of the torso harness by means of quick-release fittings which are
"sewn onto the torso harness just below the -h-it 4;r.•p attachments. The stralig
from the inertia reel pass around the roller fittings and are anchored to the

center backrest segment. The shoulder and torso strap inertia reels and
'controls aeidentical tohose used for shoulder strap retraction in current

Air Force aircraft. The controls for the shoulder strap and torso strap reels
"are located on the right and left sides of the Lest fixture respectively and
are readily accessible to the seait o,'cupant.

I2
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The lap belt consists of two segments secured to the seat bucket and provided
with adjusters and connector fittings. The connector fittings mate with
adaptor fittings on a short center segment lap belt which is added to the
PCU-15/P harness. Attachment of the lap belt to the torso harness will limit
submarining under -Gx acceleration when the crewman is reclined. The
PCU-15/P torso harness, with the added center lap belt segment and torso strap
attach fittings, is shown in Figure 6.

The foot retention straps are attached to the rudder pedals and are secured
with Velcro tape. The straps assist the crewman to keep his feet on the rudder
pedals and to resist upward motion of the lower legs during -Gz
acceleration.

Inflatable Bladder System

In this system, a series of inflatable bladders, mounted on structural
surfaces, is provided to support the torso and limbs and to prevent movement,
particularly during application of sustained lateral accelerations. The
bladders are installed on the inner surfaces of the seat pan, on forward
projecting surfaces of the upper backrest segment and in troughs which form the
arm-rests. The bladders are fabricated from neoprene coated nylon and
are enclosed by stretch nylon-frothed neoprene covers which are secured to the
support surfaces and control the final inflated shape.

Figure 7 shows the arrangement of the bladders, the shape of the fully inflated
bladders and a subject fully restrained in the test fixture. The seat pan has
two bladders within a single cover on each side. The forward bladders support
and restrain the thighs while the aft bladders restrict movement of the hips.
The shoulder bladder supports can be adjusted to accommodate~ a range of
shoulder widths. The arm-rest troughs are padded on their horizontal surfaces
and have bladders on the vertical surfaces. Each arm-rest bladder, as
illustrated in Figure 7, is a two-cell arrangement so that the bladders tend
to enclose the arm and thereby provide restraint without the application of
excessive force.

The bladders are inflated by compressed air with inflation and deflation being
controlled by an electrical switch mounted ahead of the throttle grip. A
schematic of the inflation iyst•tttit is shown in Figure 8. Compressed air from an
external supply is required. The external supply is reduced in pressure to two

to three p.s.i. and distributed to the inflatable bladders throudh - ,•nt i ork of
flexible hoses. An adjustable relief valve is included in the low pressure
distribution system. The selector switch controls both an on-off valve and a
two-way valve. With the switch selected to "INFLATE" the on-off valve Ls open
and the two-way valve allows air to pass into the bladder•. With the switch
selected to "DEFLATE" the on-off valve is closed and the two-way valve allows
any pressure in the bladders to vent to atmosphere. A master electrical switch
on the left side of the fixture controls the power supply to all of the
subsystems, including the bladder inflation system. When power is switched
off, the air supply to the bladders is interrupted and the bladders are vented
to atmosphere.

* I 13 Si i.
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I
Conforming Cushion Sstem

Cushions which can be contoured to the shape of the Individual occupant are
installed on the seat pan and on each of the three backrest segments as shown

previously in Figure 7.

In the contoured condition, the cushions tend to cradle the body and thereby
provide support and prevent motion, particularly against lateral accelerations

Also# during the contouring process, the seat cushion tends to fill the gap
between the upper thighs and this should help to prevent submirning
during -G. forces introduced by drag modulation. An inherent attribute of
contoured cushions is that b4y pressure is spread evenly over the contact
surfaces. ThLs could have becwvicial effects on comfort and may be significant
during high +GC maneuvers w:•en contact pressure is greatly increased. The
cradling or "body fixation" effect of the contoured cushions is difficult to
describe and must be experienced to be fully appreciated.

Each cushion consists of i, bladder filled with small expanded polystyrene
beads. The bladder material is frothed ne,)opreie faced by stretch-nylon. The
cushion bladders ace connected by hoses to a pneumatic pump-vacuum unit which
controls the operatton of the cushions. To. "contour" the cushions the seat
occupant inflates the bladders slightly and then evacuates the bladders as he
presses his body into the cushions. Evacuation causes the polystyrene beads to
lock together in a rigid mass which conforms to the contours of the impressed
shape. The conforming process can be repeated any time the occupant wishes to
change position. The purp-vccuum unit for the cushions is mounted beneath the
left arm-rest. The unit is battery-powered and the control switch, mounted on
the unit, is accessible to the occupant.

MOBILITY PROVISIONS

The test fixture incorporates a powered pivoting headrest and a backrest design
in which the center and upper backrest segments can be rotated. The objective
is to enable the crewman to look around, particularly in the aft direction, for
surveillance and target tracking during high +Gz acceleration conditions.
The headrest configuration is a new concept which was developed during the
program. The develop-ent effort, rationale and design features are described
in the following paragraphs.

Development

, During the initial stages of the test fixture design, it was intended that the
'mobility concepts be those demonstrated in the previous program (Reference 1).
These concepts consisted of the provision of a powered rotatable backrest andheadrest. With this approach, the rotation was essentially lateral and further

investigation indicated that the Ereld of vision, particularly aft vision,
could be improved if the crewman was able to tilt his head back in addition to
rotating his head laterally.

17



To evaluate this approach, a prototype of a new headrest was fabricated. This
headrest was designed to pivot aft and had three rollers to "cage" the helmet.
The rollers, as shown in Figure 9, were mounted on a frame which could rotate
laterally on tracks. The pivoting motion was powered by an actuator while tLh
lateral maotion was accompLished by movement of the crewman's head.

Evaluation of this headrest design indicaited that the lateral motion concept
was unsatisfactory. One problem was that the head turning motion was found to
be awkward and unnatural. A more serious problem was that it was relatively
easy for the headrest to get out of position relative to the head. When this
occurred the headrest became a source of interference and potential injury.
Evaiuation of this design led to a reappraisal of the mobility requirements.
It was concluded that the primary requirements were to provide support for the
head under high +Gz acceleration and to assist the pilot to return his head
from an aft vision position to the upright pos~tion, also during the

application of high +Gz acceleration. It was believed that these
rvqktrements could be met by a powered tilting headrest and that the provision
of 4 headrest rotation feature was not warranted. It was also considered that
the Dowered backrest rotation feature, which was part of the previous ,nobitity
system, may not be required. However, it was decided to include manual
backrest rotation in the test fixture so that the effect of this capability
could be evaluated in the centrifuge. The design which was developed to meet
these requirements is descrLbed tn the following paragraphs.

Headrest

In a conventional ejertion sent, the crewman attains aft visiblity by leaning
forward and twisttng around so L-hat he ,an look past the headrest. This type
of motion is not practical during high acceleration, particularly when the
crewman is reclined. In the concept developed to resolve this problem, the
headrest pivots aft so that the crewnan can obtain aft visibility by twistLag
his head around, no forward motion being required. Also, since the upper limnit
of acceleration at which head motion is possible is reported to be 4
G (Reference 4), the headrest is designed to support the head and to assist the
crewman to return his head to the upright position. To achieve this
capability, the headrest motion is powered by an actuator. The headrest
upright angle is 15 degrees and the full aft angle is approximately 50
degrees. Motion is controlled by a switch mounted forward of the throttle grip
and the headrest can be stopped at any point in its travel.

The headrest is shown in the upright position in Figure 10 and in the full aft
position in Figure 11. Figure 12, shows a subject evaluating the aft
visibility attainable with the headrest in the maximum pivot position.

I1
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FIGURE 10. HEADREST UPRIGHT
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FIGURE 11. HEADREST PIVOTED AFT
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ii. FIiGURE 12. MOBILITY - AFT VISIBiLiTY DEMONSTRATION
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When the pivot Lag headres4t was ititially proposed, a proLotyi-. w is fabricated
f)" p0 1'-etI I:nn. OU advierse feature was that when the headrest was in the lull
pivot position Lhe corners of the headrest Interfered with the aft vision. In
the final desi lyi, ihis problem was overcome by skewing the headrest hinges so

that the Lops of the headrest posts move inboard as the headrest pivots aft.
This effect ciii be seen in Figure 1.3.

A second problem encountered was the exIsto'i,-e of a scrubbing notion between
the helmet and the headrest due to the offset between the head and headrest
hinge points. Relative motion between the helmet and headrest was found to be

approximately three inches. During powered motion, from full pivot to full
upright, the scrubbing motion tended to drive the head downwards. if the
helmot was held firmly against the headrest, simulating the effect of high
+Gz acceleration, the result of the downward force, for the unwary subject,
was a severe pain in the neck. This .)ohle' was resolved by mounting the
headresit pads oi tracks so that they could move relative to the headrest

structure during pi,,onilng motion. When the headresL Is in the upright position
the pads are -it the top of their travel and are held there by light bungee
,-ords. When the headrest pivots aft, the pads are pulled progressively down

lte tracks by cables cittached to the headrest pivot. mecl.anism. The totaL

travel is three inches so that the scrubbing action is elianil ited. This featore
has the addit inil, *erieflt of reducing il,. sl i , f '- lh• pivoted headrest and

. this helps Lo rsolve the vLston hboe a,?," prob len 3.is• ussed in th, prevyIuS

paragraphs. The effect of this teat 'Ill.- )It i lIth neadr,.,si - oiit gurat in is showni

in Figures 0 aind 1. ,

The headrest design is Al. ,od ,,..f I,.cii i at 'llu.,luig tlhe requ ilet nlts for aft:

visibility dur[ig high it.•,.eiation tllalltek r .! OlV. Li - However, It appears

that it would also bu advantageous to :l'., 1' t: %i I V of l)1 v t ing ttle

* he 11adr,;st for i.iiiprov ýd s i i01: dtu.r ig .or .. I i f '11: L C V !I c W1 101 Lho r'i',,W[2 Wn IS

* seaL,- in I i , ,l prl q ir posit ion. As sliow:. pr,,vi.m,• .' tli 1:' m' :, ' i:ld , the

:reowian's eye posit ln :iovs .- ft approx ;liiin lV .91 K inlche" in the t r Ins t ion

fr0u1 tihe upright to itt ly reclined pjqi ion ; s , ioivable hIa.L whe t

ptvot L g heoldrst. is provided, :t niv ,' .md. a toy.ous to a I i w the lit ''-
be pivoted forward of the 1i5-aegrev ;1;l,.) _! ,h-i, :hv ,,iWl -l:i '.I¶ ad Ius!

the ti QadresL po.it4 , mi * - .- . . , . f'in , h i . i 1 in gh t

op,_ru-itioni;, t-i,. hteadrest would he it i , 6prIp' ,i I, ) 1 )'1 l-c 1,o11 tak O- f" .111L
landing, mitd would he at i ,i.t i, y , .d i1 I I m glL po) L .)11 1 I-)1"

ej ec t. i oU.

In the test fLxture the headre.st is 1, wc% ' ,- by .- ;,, I;il 1-i. i. to it.,r. The
[ hydraulic .4y' •ln 18 m)utit[ed )i tile ! iNLt i ,1 'h , 4is show n tit I lie scheitmat Ic In

Fig ure 14 , iticludes i reservoir, accu aim i ,l Ir and pump, - perat ion of rhe system

is controllted by electro-hydraulic val vm,. A .lminI ary ",,n' swit.Lh is prvilded

for operation by t.Ii 1o.t• subject ind le ,'t i l power is i•so ,lit i.lled by

the master "ull--oft" qwitch loc'at-d on tl.' k-ft ii .,1t tip I IXLLuI,

rI.
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FIGURE Li. HEADRE~ST AND BACKREiST MOTION
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FiGURB 14. POWE•RED HEADRE"ST SYSTEM SCHE14ATI.C
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Rotatable Backrost

The mobility provisions in the test fixture include a rotatable backrest so
that the value of this concept can be eviilalred. The objective of the
rotatable backrest is to allow the fully restrained crewman to twist his upper
torso to facilitate aft and upward visibility.

When a crewman twists around to look aft, the degree of twist increases
progressively from the waist to the shoulders. This is matched by the backrest
rotation capability. The lover backrest segment is fixed, the center backrest
segment can rotate + 15 degrees and the upper backrest segment can rotate +
30 degrees. Backrest rotation is illustrated in Figure 13.

The upper backrest segment can be locked in the neutral position when the seat
is in the upright or fully reclined positions. When the locks are not engaged
the backrest is free to rotate under pressure applied by the crewman's torso.

.. I
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INTERFACES

CONFIGURATION

The test fixture is required to mount in the AFAMEL centrifuge and impact test
track. The fixture configuration and mnountirg provisions were dictated by the
requirements of the centrifuge installation since these were more restrictive
than those of the impact test track. Specific interface features are;

o The forward "instrument panel" portion of the fixture is detachable to

facilitate installation in the cab.

o The mounting flanges on the fixture base are spaced to match the cab
platform support structure.

o The forward portion of the fixture framework is configured to avoid
interface with cab structure and to be compatible with the equipment and
viewing requirements of the tracking experiments.

o The aft portion of the fixture framework is below eye level so that it
will not interfere with aft vision experiments.

o Prox•imity to the cab entry hatch was an important factor in the placement
of subsystem controls.

The mounting flanges on the base of the fixture can be used to secure the
fixture to the experiment platform in the impact test track. The fixture
mounts directly on the platform for Gx and Gy acceleration tests but an
adaptor is required for tests with G. acceleration.

SUBSYSTEMS

An external supply of compressed air is required for th-' Infli-ahile bladder
portion of the restr•ilnt system and electrical power is required for the
inflatable bladder mnd powered headrest systems. The conforming cushion system
uses a rechargeable battery and is self-contained as is the hydraiJl," portion
of the powero~d he-idroit ;ystem. The electrical. syst.m.:nm o." liz bladders and
headrest are ititercolnected. External supply requirements are:

a. Compressed air, maximum pressure 125 p.s.i.
L! b. Liý.,'rk ti supply, 28 volts DC.

26
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SAFETY

The intended use of the test fixture for dynamic tests with live subjects
dictates the requirement for a high level of operational safety. The approach
towards meeting this requirement is to ensure structural integrity and to
configure the test fixture to enhance test safety and to facilitate the conduct
of emergency procedures.

STRUCTURAL INTEGRITY

The structural integrity of the test fixture is verified by analysis and will
be verified by test prior to the conduct oi live subject tests. Analysis shows
that the structure is satisfactory for stress levels which are three times the
maximum stcesq le.veLs which will be imposed in the live subject tests. The
planned verification tests will be conducted using anthropomorphic dummies with
test dynamic loads of 1.5 times those to be used in the live-subject tests.

STRESS ANALYSIS

A comprehensive stress analysis of the test fixture structure was made using a
finite-element analysis program, called Computer Aided Structural Design
(CASD), to identify the loads and deflections in each of the structural members
for the centrifuge and impact track loading conditions. The analysis of the
structure was conducted concurrently with the fabrication of the test fixture.
This approach resulted in changes being required to the analysis as design and
concept improvements were introduced. Also, changes had to be made to the
structure when the analysis ihowed that some members did not satisfy the
strength requirements. These were primarily in the fixture framework and
involved the v.orti,',dl uembers just forward of the seat bucket and the sloping
members aft of the seat backrest. Design revLiions were developed to increaska
the strength of these members. The stress analysis was then completd it,'l tih.
structural revistons were incorporated into the test fixture.

SUBSYSTEM FAILURE ANALYSIS

An analysLj of subsystem failure modes and effects is presented in Tables 2
through 7. The analysis assumes that the tests will be conducted at the
maximum acceleration levels which are tabulated in the Requirements Section,

t . Page 7. The anaLysia also assumes certain test conditions. These are:

o CentilfUge - ai of the. subsystems will be operated and evaluated. It is
assumed that the steap restLitt qystem will be used in all tests but

-hir other systems nay not be in use as the purpose of the test -ay be to
o*t.iin compatrittve ILLA.

o Impact Test T;a:k - the headrest will be in the1l pr.tglt position and the
backrest wil! he Locked in the central position in all tests. It is also
*IS.LI.Ih0.id 'I the strap restraint system will be used in all tests but
ttuat d.ieii:ttlitabLe bLaddudr restraint system may ,not.

SI.

I.. L
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Centrifuge Tests

Examination of Tables 2 through 6 shows that the effect of a subsystem failure
in the centrifuge tests will not have a significant effect on safety. This is
primarily because the largest acceleration in the centrifuge tests in in the
+Gz axis and will tend to keep the subject firmly in the seat. In the other
"axes, the maximum accelerations are 3 to 3.5 G and it is assumed that the test
asubject would be able to prevent excessive motion if a restraint system failure

P~ occurred under these conditions. Table 4 shows a Category II hazard for
SI iinadvertent return of the headrest to the upright position prior to headrest

actuation. This category was assigned because the head could be in any
position and therefore the possibility of injury exists. A vertical plate
separates the switches for headrest and bladder actuation to help prevent
selection of headrest actuation when operatton of the inflatable bladder

6systems is intended.

SIqpct Track Tests

Examination of Table 7 shows that there are conditions in which a failure of
the strap restraint system is considered to be critical. These situations
arise because of the relatively high forward and lateral accelerations, 10 and
8 G respectively, and because of the high rate of onset, approximately 250 G
per second, imposed by the deceleration system. Although the integrity of the
strap restraint system will be verified by test prior to the live-subject tests
it may be prudent to secure a pad of impact aboorbUia materL•l over the
subject's legs and forward portion of the test fixture.

SAFETY PROCEDURES

The test fixture is designed to facilitate the safe and rapid removal of the
subject in an emergency. A master electrical switch is located on the left
side where it is readily accessible to test personnel. When the power is
switched off, the headrest system is deactivated and the inflatable bladders
are vented. This will avoid the danger of inadvertent headrest actuation
during removal of the subject and will remove the possibility of interference
due to the inflated bladders. To permit rapid removal of a subject, only
quick-release connectors are used in the restraint system.

28
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TABLE 2. INFLATABLE BLADDER RESTRAINT FAILURE ANALYSIS

•I•!'•FAItU9I NODE HAdZAAD* gFFIs" or rIraLJUR c(Xwawrs1A12

Failure to Inflate I No effect on safety - tet would be Inflation would be selected pripr to onset
discontinued. of high 0 conditiona.

Failure to Deflate I No effect on safety - toot would be uresos can be made oiph bladdera fully
discontinued. inflatod.

Lose os Pressure I Restraint drtderd under -08, -n x or f Restraint still provided by strap aysted
or Rupture + ru Les ck o la dr st bed ot Laterl otion limited by bladder_ e~hbuld not cause injury. .gopo•o . ...

Ovotiofldtion I Minor discomfort due to bladder prenstrap r svarinfletio presfure imsited by relief(Reg~ulator Malfunction) Volvo.

TABLE 3. CONTOUR CUSHION SYSTEA FAILURE ANALYSIS

FAILURE MNOE VAZBD* EFFECT OF FAILURU COmmmiO

'AYl',

Failure to ivtlate I No effect on safety - toot would be Ceshior s would not be operated dn rat
or Deflate discontinued, hit h r teoditions.

Loss of Vacuum I Body stabilfty had sugt - dro i Pfebt Adeqiate rostrfiot provided by strap and
hn safety - tor t would be disconvinuedi bladder seyates.

Ovulinfistioo I Misor drtsae fot due to incrgae In strap Pressure capoielity of pelp to ieaitod.
pretsur.o

TABLE 4. PIVOTING HEADREST FAILURE ANALYSIS (CENTRIFUGE)

FAILURE NODE HAZARD* 3FICT OF FAILURE COMMENTSLEVEL

Failure to Pivot I No uffect an s afety - test would be Headrest mio l not be operable f s Impact
or Reaurn dsa e ontiMuadn, track Cota.

Inadvertent Pivot I Sudde2 removal of head support durinj Possibility Of Incorrect switch 8electionhigh + Us or + Ox conditions would minimized if headrest switch iS only
be disconcerting but should noat cause throttle switch operated during high 0
injury. condit ions.

Inadvertent Return 11 Could conceivably cause injury If head a Bdo €ogment above.
in rotated and to not testing on headrest • Protection provided by helmet.
when actuation occurs. a Headroes to padded.

Pad Does Not I Could cause tempaoray di$CCOfort Under
ArtiCUImtO high + 08 or + 0. conditions due to

downward sctuhbi O8 force an neck duties
rtuttrn notion•.

TABLE 5- ROTATABLE BACKREST FAILURE ANALYSIS (CENTRIFUGE)

FAILURE moos HAZAAD* IFFICT OP FAILURE CNNMINT8
LEVEL

Failure of Upper I so effect on saeoty - toot would be Backrest will be looked except for
Ikrest to Rotaeo discontinued. visibility exaprlsont to centrifuge.

Failure of Lower I Could cetuso minor disomfeort. Wiould only be notioeeble at full

"Bakrest to Rotate rotattoo of upper baokroot.
oI Beturn

hazoard Cate~oriues I - safe. II - marginal, III - Critical. IV "Catastrophic [
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TABLE 6. STRAP RESTRAINT SYSTEM FAILURE ANALYSIS (CENTRIFUGE)

CONPONENT fAILURE HAZARDA EPFKCT Of FAILURS commmNrs
LAVEL

Lip &Olt Slgment I Seduced rsltraint on one side will allow o Restraint still provided by shoulder
pelvis movement under adverse acceleretion end torso straps and reesining lop
orcua. forces are low end movement should belt segment.

not e excessive o Liap belt integrity verified by ctnt.

Shoulder Strap I Reduced restraint on one side will allow u Restraint stile provided by lap belt,
movement of the shoulder and head under torso straps, remaining shoulder
edverse acceleration forces. Forces are strep and bladder supports.
low and motion should not be excessive. c Strop Integrity votifisd by test.

Shoulder Strep I Reduced torso restraint will allow movement c Restraint still provided by lap belt
Inertia Reel of the upper torso and head under adverse and turso straps.

acceleration forces. forces ere 10v and a Real Ltutegrity verified by test.

motion should not be excessivu.

Torso Strap or I Lick of torso restralnt strap: should not o basic restraint provided by lap belt,

Torso Inertia Reel allow motion which could cause injury, shoulder straps and bladder supports,

Foot Restraint strap I Lick of restraint strap will allow upward a Straps are provided to reduce leg
action under -0 fares&. Force to low stroil under -o and arc Iot

end motion should not be exceesive. required tot resiadint.

TABLE 7. STRAP RESTRAINT SYSTEM FAILURE ANALYSIS (IMPACT TRACK)

CO'PONISNT FAILUIR RUAZAD* IF9CT OF PAILUJA COMIIENTS

LEVAL

Lop .elt segment 1 +10 lG tests - no effect. o Restraint still provided by shoulder
end torso straps, remaining lap belt

XI +8 Gy tests - body supported by seat eldee segmeOt and bladder supports.

'ut poesibility of lateral rotation. • beat will be uptight In -Gx tests.
o Stiep integtity vestliad by toot.

111 -10 Ci tests - could allow eubmerinlog on
one side. Poesibility of minor Injuries
due to asymmetrical strap loade.

Shoulder Strap 1 +10 0, tests - no effect. o Restrlint still provided by lop belt.

torso straps, remainInS shoulder scrap

I11 +8 Gy tests - could cause rotational and b...ddvr Supports.
motion of upper torso and heed under a beat vii. U, uWalignt in -GX teoot.

adverse conditiOns. ltcessive motion a Srap .p og .r.L verli~ed by LeeL.

could result in injury.

I11 -l0 0, tests - wilii cause forward rotational
motion of torso and head. Rxcesoive motion
could result In Injury.

Shoulder 5trep 1 +1( 0, tests - no effect. o Soetreint still provided by lap balt,

Inertia Reel torso strApa and by bladder supports,

111 +4 0y tests - could cause rotational o beat will be upright in -Go tests.
motion of upper torso and head. StafeeIve o Reel I.,rHrLty votifled by test.
motion could raeult In injury.

11 -10 01 tests - will cause forward notion
of upper torso end heed. 9scessive aotion
ýould result in injury.

torso Strap or I All tests - lack of torso straps should not o SBaic resrtaint provided by lap belt,

Torso InartiA Reel el,)w motion which could cause Injury. shoulder straps and bladder supports.

foot lsatraint stre; I All tests - no effect. o Straps aer provided for centrifuge
-Gtaste, I,-

a Uassrd Cetegorieel I - SeIs, Ma r N arginel, III - Critical, IV - Cotasophic
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